Starch granules can be well preserved in a variety of archaeological contexts, for example, in residues and sediments. Therefore, starch analysis has potential to provide another means of tracking the exploitation, dispersal and domestication of Musa bananas and Ensete. Starch granule morphotypes from fruits of Ensete glaucum and wild and cultivated Australimusa and Eumusa bananas were analyzed in this preliminary study. Numerous starch granule morphotypes were present in every sample analyzed. One hundred and nine morphotypes, representing 38 morphotype groups (variants) were described. Of these, several are specific to the samples analyzed and others occurred in more than one sample. They can be used to discriminate between different genera, sections, species and cultivars. Raphides were also numerous in wild Australimusa bananas. Although additional studies are required to determine levels of specificity, this preliminary study shows that starch analysis (and raphide presence and abundance) can be used in a similar way to phytolith analysis in the identification of Musaceae and has extremely good potential as a tool for tracing the prehistory of bananas in the archaeological record.
of the world, including Papua New Guinea (De Langhe et al. 2009 ), the study of Musaceae starch granule morphotypes has been an important component of the modern comparative starch reference collection, currently being developed by Lentfer for the Southeast Asian and Pacific region (Lentfer 2009a ). This paper presents results from preliminary analyses of Musaceae starch granules from Ensete and wild and cultivated examples of Australimusa and Eumusa bananas collected from Papua New Guinea. All plant parts contain starch and are in the process of being analyzed; the starch from fruit pulp is the focus of this paper.
Methods
Fruit from 13 accessions (see Table 1 ) are included in this analysis. Fruit, collected in the field, was stored in 70% ethyl alcohol and subsequently dried at temperatures at or below 35 o Celsius to avoid gelatinization of starch. Sub-samples of fruit pulp were prepared for microscopic analysis by grinding with a pestle and mortar with distilled water. The ground residue was stored in vials with 70%
Introduction
Starch granules can be well preserved in a variety of archaeological contexts, in residues on stone tools, pottery, other artefacts, ecofacts, dental calculus and in sediments and coprolites (e.g., Barton & Paz 2007 , Crowther 2005 , Englyst et al. 1992 , Fullagar et al. 2006 , Horrocks et al. 2004 , Lentfer et al. 2002 , Parr & Carter 2003 , Piperno et al. 2004 , Therin et al. 1999 , Zarillo et al. 2008 . Therefore, similar to phytoliths, starch granules promise to provide another way of tracking the prehistory of banana exploitation, dispersal and domestication. Given that bananas and Ensete are major starch-rich staples in many regions Published: July 30, 2009 Slide residues were analyzed using light microscopy at x400, x500 and x1000 magnification. Presence, absence and abundance of starch and raphides were noted and slides were fully scanned. Descriptives for all starch morphotypes encountered were recorded according to the list of attributes in Table 2 . Where a morphotype occurred in only one sample (i.e., it was sample-specific), it was labelled and numbered according to that sample. Morphotypes occurring in multiple samples were assigned a unique number. All morphotypes were further defined by three dimensional shape. Where hilum type could not be identified, this is indicated on Table 1 as h?. Morphotypes were then grouped into categories based on all morphological attributes listed in Table 2 with the exception of starch granule size. It was also necessary to exclude hilum type since this could not be successfully defined under light microscopy for the majority of cases. For the purpose of this preliminary study, the resultant grouped morphotype categories (see Table 1 ) are defined as variants. Photographs of each variant were taken with microscope-dedicated digital cameras using non-polarized and polarized light. Descriptives were transferred to an electronic database to facilitate searches and comparative analyses. The microscope slides and sub-samples in vials are presently stored in laboratories in the School of Social Science at the University of Queensland. Following the initial qualitative analyses presented here, quantitative measurements of length and width of starch granules will be taken for future morphometric analyses to further define diagnostic values.
Results
Starch granules were present in all samples analyzed. They were rare in the triploid Eumusa AAA and the diploid AA cultivars, but common to very abundant in all other samples. Raphides were very abundant only in the wild Australimusa bananas (Figure 1 ) and rare to absent in Ensete glaucum and all other samples. Notably, the majority of samples, including E. glaucum, had a range of large to medium sized starch granules (see size categories in Table 2 ), but the AA and AA? diploids were characterized by very small to small starch granules. Compound granules were found only in M. acuminata ssp. banksii, sample WNB 10, but were very rare.
One of the most striking outcomes is the number and range of starch granule morphotypes identified in the sample assemblage. A total of 109 different morphotypes were described (Table 1 , and see Figures 2 to 11). Of these, 91 were sample-specific. The remaining 18, however, were found in more than one sample. Nevertheless, these were still useful for discriminating between genera, section, species and cultivars. Exclusion of the size attribute yielded a much reduced morphotype set of 38 variants (see Table 1 ). This resulted in a higher level of redundancy in comparison to the ungrouped morphotypes (11 out of the 38 variants occurred in more than one sample), but discrimination between genera, sections, species and/or cultivars was still possible (see Figure 12 ). For example, E. glaucum was differ- 
Discussion and conclusion
These preliminary qualitative analyses of Musaceae fruit starch granules provide a very good indication that banana fruit starch has considerable potential for differentiation to generic, section, species and cultivar levels. Some sets of morphotypes (variants) and individual morphotypes are useful for discriminating between genera and sections, but several others are useful for discrimination at a higher resolution, differentiating between species and cultivars. It is significant that some individual morphotypes and variants are shared between cultivars and wild species. which they were most likely derived (e.g., De Langue & De Maret 1999 , Lebot 1999 , Perrier et al. 2009 ). Hence, as with phytoliths (see Vrydaghs et al. 2009) , it is possible that some starch granule morphotypes may be linked to alleles of wild progenitors and could possibly be used to determine linkages with domesticated derivatives.
The two classification systems using a) morphotypes, and b) variants, are both useful, and both have advantages. The morphotype system with the inclusion of the size category has the capacity for higher levels of discrimination. However, analysis using this system is complicated by the large number and range of morphotypes for comparison. In contrast, the variant system, with fewer cases for comparison, has the means to facilitate analytical procedure at the same time as providing an effective means for discrimination of Musaceae at every level. Therefore, it might be advantageous for researchers to use the variant system in the first instance, and then proceed to the more definitive morphotype system including size categories, if more detailed analysis at higher resolution is required. Additionally, more rigorous morphometric analysis may result in even higher resolution for identification. It should be noted, however, that results at this stage are not conclusive, since only a small number of Musaceae samples have, as yet, been analyzed using the qualitative method described here. Work in progress includes analyses of additional examples of the species and cultivars examined here, additional species and cultivars not represented here, as well as analyses of plant organs including, roots, leaves, bracts, petioles, peduncles, seeds, pseudostems and corms. Additionally, to determine levels of specificity, Musaceae starch morphotype assemblages will be compared with assemblages from other plants (see Lentfer 2009a) . Nevertheless, using the assemblages of diagnostic starch granules identified in this study, albeit preliminary, it should be possible to at least identify Musaceae presence and possibly differentiate some species and cul- tivars in archaeological assemblages. Although, it might not be possible to make reliable identifications from a single starch granule, especially given the numbers and range of starch granule morphotypes present in Musaceae, the co-occurrence of a number of diagnostic granules and morphotypes would increase reliability. Also, the cooccurrence of starch morphotypes with raphides constitutes another means for identification, and is especially relevant for discriminating wild Australimusa species.
In conclusion, this preliminary analysis has successfully used qualitative starch granule analysis to differentiate within and between genera, sections, species and cultivars of Musaceae. Hence, it shows that starch granule analysis has the promise of being another valuable tool for palaeobotanical analysis, complementary to other microfossil studies including raphides and phytoliths (Lentfer 2009b , Vrydaghs et al. 2009 ). Therefore, while further development is necessary to clarify the diagnostic reliability of traits and levels of specificity, there is undoubtedly good potential for starch analysis to facilitate more robust interpretations of archaeobotanical assemblages and for tracking the history of banana dispersal and domestication, not only in Papua New Guinea, but throughout all the regions important to banana prehistory. 
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